. Third, studies ferent cellular contexts, DRASIC may respond to mein mice with a disrupted BNC1 gene showed a markedly chanical stimuli or to low pH to mediate normal touch reduced sensitivity of low-threshold mechanoreceptors and pain sensation. Using an RT-PCR assay, we detected no DRASIC mRNA in DRG isolated from DRASIC Ϫ/Ϫ mice ( Figure 1C) . the only or even the predominant ligand for DRASIC is unknown.
(Price et al., 2000). These data identified BNC1 as essential for the normal detection of light touch and suggested that
DRASIC null mice appeared to be normal and did not differ from their littermates in development, size, or ferThus, we hypothesized that DRASIC might be a component of a mechanosensory complex and/or a proton tility. We considered the possibility that disrupting the sensor involved in nociception. To understand better the molecular basis of sensory receptors in general, and DRASIC gene might alter expression of another acidactivated DEG/ENaC channel. These genes are located to discern the role of DRASIC channels in particular, we generated DRASIC null mice and examined their on different mouse chromosomes; DRASIC is on 9, BNC1 on 11, and ASIC on 15. Table 1 cle (lamellar cells, blue). There was no specific DRASIC and Experimental Procedures). As shown in Table 1 , A␤ immunostaining in Ϫ/Ϫ animals (not shown). In hairy fibers are large myelinated fibers that include the RA and skin we also found DRASIC in the palisades of lanceolate SA mechanoreceptors, which respond to light touch, as nerve endings that run longitudinally to and surround described above. A␦ fibers are thin myelinated fibers the hair shaft ( Figure 2C) The statistical significance of the proportion of fibers in a subset was tested by the 2 test, and differences in conduction velocity were tested by an unpaired t test. The median von Frey threshold (vFT) was evaluated by a Mann-Whitney U test and was not different for animals from either genotype, except for AM fibers (see Figure 3F ). The number of fibers is indicated. Data for each fiber type and genotype were collected from at least ten animals, with approximately equal distribution of male and female mice.
The proportions of AM fibers and D-hair receptors
unknown. We hypothesized that DRASIC might contribwere normal in animals of both genotypes (Table 1) .
ute to these currents. Low-threshold D-hair receptors from knockout mice reConsistent with this hypothesis, the lack of DRASIC sponded normally to mechanical stimuli (Table 1, Figure altered several properties of H ϩ -gated currents from 3D). Subsets of C fibers in DRASIC ϩ/ϩ and Ϫ/Ϫ mice isolated large-diameter DRG neurons. Representative were found in similar proportions (Table 1) , had similar whole-cell, acid-evoked current records are shown in conduction velocities (Table 1) rents from homomultimeric DRASIC channels to those the response. However, the pH 4 stimulus increased the response of Ϫ/Ϫ fibers so that they showed activity of BNC1 and ASIC helps one to assess these changes. For example, DRASIC desensitizes more rapidly than similar to that of ϩ/ϩ fibers. Previous studies have shown that C-MH fibers reeither BNC1 or ASIC (Sutherland et al., 2001) ; thus, its loss is consistent with slowed inactivation in Ϫ/Ϫ neuspond to capsaicin . Therefore, we also tested the acid responsiveness of DRG neurons that rons. DRASIC is also more sensitive to pH than BNC1 or ASIC (Sutherland et observed transient pH-activated currents in these neurons, but their frequency was too low to allow us to draw In the mouse, these neurons normally comprise around 30% of all C-MH fibers. Therefore, we tested C-MH fibers firm conclusions. Additional studies will be required to further elucidate the contribution of DRASIC and VR1 for sustained responses to a 2 min acid application. Approximately the same proportion of C-MH fibers exto the pH responsiveness of these neurons. hibited a sustained discharge to pH 5 in DRASIC null and wild-type animals (29% and 33%, respectively).
DRASIC and Noxious Heat Sensitivity
We used a relatively high stimulus (peak corium skin However, the magnitude of this response was clearly reduced for C-MH fibers from DRASIC-deficient mice temperature of 52ЊC) to identify heat-sensitive C fibers (C-MH fibers). Approximately the same proportion of ( Figure 5A ). Further reducing the stimulus to pH 4 produced no greater response from ϩ/ϩ fibers ( Figure 5B) , C-MH fibers responded to this noxious stimulus in DRASIC-deficient and wild-type mice (Table 1) . Surprissuggesting a saturating relationship between pH and does not measure the minimal force required for the mouse to perceive touch. Instead, it defines a force strong enough to evoke withdrawal, and the test is thought to reflect the response of A␦ or C fibers to noxious mechanical stimuli (Mogil et al., 1999) . After tissue injury, there is an increased sensitivity to mechanical stimuli at the site of injury, i.e., primary hyperalgesia. Earlier work indicates that this mechanical hyperalgesia results, at least in part, from activation of large-diameter afferents (RA and SA mechanoreceptors) that is misinterpreted in the central nervous system (Cervero and Laird, 1996; Treede et al., 1992; Woolf and Doubell, 1994). Therefore, to increase the sensitivity to light touch, we induced mechanical hyperalgesia with carrageenan before testing with von Frey monofilaments. Both DRASIC ϩ/ϩ and Ϫ/Ϫ mice developed mechanical hyperalgesia (compare Figures 6A and 6B) . However, compared to ϩ/ϩ animals, the Ϫ/Ϫ mice showed a small but significantly increased sensitivity to mechanical stimuli ( Figure 6B ). The increased mechanical sensitivity of RA mechanoreceptors in DRASIC null mice ( Figure  3A ) might in part explain the enhanced behavioral hyperalgesia to low-intensity mechanical stimuli.
The response of DRASIC null mice to a noxious ther- Figure 5E ). This reduced response of pH 4 saline into the gastrocnemius muscle, DRASIC was largely accounted for by a reduced number of null mice displayed significantly less hyperalgesia when evoked spikes from fibers with the most robust rethey were compared to wild-type mice ( Figure 6F ). These sponses.
data suggest that acid-induced secondary hyperalgesia involves the activation of DRASIC. Altered Behavioral Responses to Somatosensory Stimuli in DRASIC Null Mice Discussion The requirement for DRASIC in normal mechanoreceptor function and acid nociception led us to examine the Our data suggest that DRASIC forms a key component of receptor complexes that detect some cutaneous behavioral responses of DRASIC null mice to somatosensory stimuli. We used calibrated von Frey monofilatouch and painful stimuli. Several observations support this conclusion. First, in the DRG both large-diameter, ments of increasing force to evoke paw withdrawal, but we did not observe a significant difference in mice of low-threshold mechanoreceptors and small-diameter nociceptors contained DRASIC. Moreover, in the periphdifferent genotypes ( Figure 6A ). However, this assay ., 2000; Fricke et al., 2000) . The diversity of molecular components, including DEG/ENaC subsupport this idea. We found DRASIC in small-diameter, substance P-positive DRG neurons and in free nerve units and associated scaffolding and matrix proteins (as endings in the epidermis. In addition, single-fiber resensitivity (Mano and Driscoll, 1999 ., 2000) . Those studies suggested that VR1 is the predominant acid-responsive gated currents observed in the cell soma. We hypothesize that changes in the gating kinetics of a DEG/ENaC nociceptor. Our current data and our earlier work (Price et al., 2000) are consistent with the conclusion that VR1, channel complex may explain both the phasic neural response to mechanical stimuli and the phasic current rather than DRASIC and BNC1, is primarily responsible for cutaneous acid-induced nociception. However, our response to protons in the cell body. Further assessment of these ideas may depend on an in vitro assay data indicate that DRASIC may be required for a fullblown receptor response to acid. Interestingly, as with of mechanosensation that incorporates DRASIC, other DEG/ENaC subunits, and associated intracellular and VR1 knockout mice, C-MH fibers from DRASIC knockout animals showed a reduced response to noxious heat. extracellular tethering proteins. This was an unexpected finding because the heterologously expressed DRASIC channel itself is not gated by Conclusion noxious heat (our unpublished data). These data raise the interesting possibility of a functional interaction beOur analysis of mice lacking the DRASIC channel reveals tween VR1 and DRASIC channels; this might explain the this subunit to have a necessary function in low-and similarities between DRASIC and VR1 null phenotypes high-threshold mechanoreception, acid nociception, (Caterina et al., 2000) . These results also suggest that and heat nociception. The extraordinary diversity of channels containing DRASIC may be targets for pharmafunction for this channel strongly suggests that it norcologic intervention for the treatment of pain. mally exists as part of a heteromultimeric complex, the composition of which varies systematically among funcPotential Relationship between the Kinetic tionally distinct sensory neurons.
Response of DRASIC to Acid and Properties of Mechanosensitive Neurons
The identity and function of the acid-evoked currents 
